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Influence of three-dimensional effects on lateral stiffness of offshore wind turbine monopiles

Zhu Liang' , Wang Yu', Luo Xiang', Cao Shugang', Zhou Quanzhi', Yan Chen', Huang Xinyi’
(1. Longyuan ( Beijing) New Energy Engineering Design and Research Institute Co. , Ltd. ;
2. College of Harbour, Coastal and Offshore Engineering, Hohai University)

Abstract: In order to investigate the impact of three-dimensional effects on large-diameter monopiles used in offshore wind turbines,
two-dimensional analytical model for pile-soil interaction was developed for large-diameter monopiles subjected to horizontal loading in
various soil types, which considered only the radial and circumferential stress components distributed along the pile shaft. A
comparative analysis was then conducted based on this model to investigate the effects of three-dimensional effects on the monopile’ s
lumped stiffness, the response of the pile shaft (horizontal displacement, rotation angle, shear force, and bending moment) , and the
distributed spring stiffness. The results indicate that three-dimensional effects significantly influence the force-controlled lumped
stiffness, pile deformation, and shear response of monopiles, while their impact on position-controlled lumped stiffness and bending
moment distribution is relatively minor. Neglecting three-dimensional effects yields larger pile shaft responses, leading to a more
conservative design approach. The three-dimensional effect has little influence on the p-y spring; however, the m-¢ spring, which
accounts for three-dimensional effects, is the fundamental cause of differences in lumped stiffness and pile shaft response in monopiles.
Therefore, the influence of the m-¢ spring should be considered when designing large-diameter monopiles.
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Fig.3 Comparison of analytical solutions for bending moment and experimental results
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Fig.4 Comparison of analytical solutions for p-y stiffness and finite element simulation results
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Table 1 Influence of three-dimensional effects on lumped stiffness in different soils
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Fig. 5 Influence of three-dimensional effects on force-controlled lumped stiffness at different aspect ratios (»,=0.35)
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Fig. 6 Influence of three-dimensional effects on pile shaft response in different soils
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